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Use of Probemix and OmniProbe biotinylated
cDNA probes for detecting HPV infection in
biopsy specimens from the genital tract

I Zehbe, E Rylander, A Strand, E Wilander

Abstract
Aims-To compare two commercially
available pan probes for the identifica-
tion of human papillomavirus (HPV)
DNA expression in histological sections
and to type the HPV positive cases.
Methods-97 formalin fixed, paraffin wax
embedded biopsy specimens from the
genital tract were tested for HPV positiv-
ity with in situ hybridisation using
biotinylated cDNA pan probes-Probe-
mix (Enzo) and OmniProbe (Digene).
The HPV positive cases were further
tested with HPV types 6/11, 16/18, and
31I33I35I51, and the HPV type was related
to the histological diagnosis. Formalin
fixed, HeLa cells (10-50 HPV 18 copies
per cell) and SiHa cells (1-2 HPV 16
copies per cell) were used as reference
cell lines.
Results-32% of the specimens gave pos-
itive nucleic signals with both Probemix
and OmniProbe. Of these, 84% could be
further characterised with regard to
HPV types 6I11, 16/18, and 31I33I35I51; 4%
of all cases were positive with either
Probemix or OmniProbe. The concor-
dance of these probes was high, 96% alto-
gether. HeLa cells stained positive but
SiHa cells did not.
Conclusion-There is no difference be-
tween Probemix and OmniProbe for the
general detection of HPV. The mean
detection limit of these probes is about 20
copies a cell.
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Human papillomavirus (HPV) is associated
with anogenital tract lesions. Although certain
HPV types (such as 6/11) occur mainly in
benign lesions such as condyloma acumina-
tum, others (16/18) increase the risk of devel-
oping anogenital malignancies."

In situ hybridisation with biotinylated
cDNA probes is a frequently used molecular
hybridisation method that permits the deter-
mination of HPV type in relation to the mor-
phological appearance of the lesion.57 A
cDNA pan probe for HPV detection is an

adjunct to the histopathological diagnosis and
can be used for screening. Tissues positive
with this probe may be assayed subsequently
using type specific probes for HPV.

Methods
Eighty patients, aged between 15 and 51

years, with HPV suspect or manifest lesions
were studied. Ninety seven formalin fixed,
paraffin wax embedded tissue samples from
the genital tract were processed for histo-
pathological diagnosis and in an additional
sequence tested for HPV positivity with in
situ hybridisation using biotinylated cDNA
pan probes (Enzo Diagnostics Inc, New York,
Beltsville, USA (Probemix) and Digene,
Maryland, USA (OmniProbe)). Both probes
use a mixture of HPV specific probes formu-
lated to detect most HPV types associated
with anogenital lesions. With Probemix no
further details are known as to what types
exactly are covered, but OmniProbe detects
HPV types 6, 11, 16, 18, 31, 33, 35, 42, 43,
44, 45, 51, 52 and 56. Enzo Diagnostics
offers Probemix as a complete kit including
reagents for alkaline phosphatase detection
and HPV positive biopsy controls.
OmniProbe, however, may be purchased with
positive DNA controls and negative plasmid
controls only. Both control systems were
applied according to the manufacturers' rec-
ommendations and found to work satisfacto-
rily. To assess the sensitivity of the various
probes applied, we used formalin fixed HeLa
cells (10-50 HPV 18 copies a cell), a gift
from Dr Eva Rupp, The Ludwig Cancer
Institute, Uppsala, Sweden and SiHa cells
(1-2 HPV 16 copies a cell), HTB 35, ATCC.
Biopsy specimens that stained positive with
either of these two general HPV probes were
also typed for HPV 6/11 (Enzo and Digene),
16/18 (Enzo and Digene), 18 (Enzo),
31/33/51 (Enzo) and 31/33/35 (Digene).
HPV types 42, 43, 44, 45, 52 and 56 are not
yet commercially available.

Briefly, 4-6,um sections on organosilane
coated slides were treated with proteinase K
(P-0390; Sigma) at a concentration of
0-l mg/ml SSPE buffer for 15 minutes at
37°C and the endogenous peroxidase activity
blocked in aqueous 3% H202. Slides were
dehydrated in 99% ethanol, air dried, and
denaturated for 5 minutes at 94°C. Hybrid-
isation was carried out in a humid chamber
overnight (pan probes) and for two hours
(type specific probes to prevent cross-hybridi-
sation) at 37°C. Posthybridisation was
performed in 50% formamid/2 x SSPE
(final concentration) for 10 minutes at 37GC,
followed by enzymatic detection with bio-
tinylated horseradish peroxidase bound to
streptavidin (K 377 A-B; Dakopatts) 1 in 100
for 30 minutes at 37°C and visualisation with
diaminobenzidine (DAB)-H202. The DAB-
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Table 1 HPV negative and HPVpositive cases stained
with both pan probes in relation to histological diagnosis

Histological HPVnegative HPVpositive
diagnosis biopsies biopsies Total

Negative findings 41 0 41
Hyperplasia 6 1 7
Condyloma

acuminatum 0 9 9
Flat condyloma 10 6 16
SILI 0 2 2
SIL II 2 9 12
SIL III 7 6 12
Total 66 33 99

H202 detection system was better than that
using alkaline phosphatase. Finally, the slides
were counterstained in Mayer's haema-
toxylin, rinsed in graded ethanols and xylene,
and placed on to coverslips.5 HeLa and SiHa
cells were treated in exactly the same manner.

The following classification was used for
the morphological diagnosis: 1 normal squa-
mous epithelium and inflammatory or reac-

tive changes; 2 hyperplasia, referring to a

thickening of the squamous mucosa, but lack-
ing koilocytosis and nuclear atypia; three
condyloma acuminatum and flat condyloma.
Four SIL (squamous intraepithelial lesion)
I-III with or without koilocytosis correspond-
ing to mild, moderate, and severe dysplasia or

carcinoma in situ (CIS).

Results
PAN-PROBES
Of the 97 biopsy specimens tested, 27
showed a positive reaction for HPV with both
Probemix and OmniProbe. Two sections
were also positive only with Probemix and

two only with OmpniProbe. The total number
of positive specimens with both pan probes
was 31 (32%). The concordance of these
probes was high, 96% altogether. The sensi-
tivity of both probes was considered to be
10-50 copies a cell because formalin fixed
HeLa cells stained positive with either pan
probe whereas SiHa cells stained negative. Of
the 31 positive biopsy specimens 26 (84%)
could also be identified for HPV types 6/11,
16/18, 18 and 31/33/35/51. Of 66 HPV nega-

tive biopsy specimens 41 were categorised
according to group 1. The remaining HPV
negative biopsy specimens were hyperplasias
(n = 6), flat condylomas (n = 10), SIL II with
koilocytosis (n = 1), SIL II without koilocyto-
sis (n = 1) and SIL III without koilocytosis (n
= 7). Results are summarised in tables 1 and
2.

TYPE SPECIFIC HPV PROBES AND MORPHOLOGY
The type specific probes differed only in
biopsy specimens with HPV positivity for
31/33/35/51 (cases 11, 15, 26 and 28). The
reason for this is most probably the fact that
Enzo combines HPV types 31/33/51 and
Digene HPV types 31/33/35. HeLa cells
showed an equal staining intensity with the
type specific probes for 16/18 (Enzo and
Digene) and 18 (Enzo) compared with the
pan probes. SiHa cells stained negative with
the type specific probes 16/18 (Enzo and
Digene) as was seen with both pan probes.
HPV types 6/11 were found in lesions

morphologically categorised as condyloma
acuminatum (n = 9), hyperplasia (n = 1), and
flat condyloma (n = 1). HPV 16 (and nega-
tive for HPV 18) was seen in four cases: flat

Table 2 HPVpositive cases and interrelation between morphology and HPV types in individual biopsy specimens

Pan probes HPV typing
Age Biopsy Histological

Case No (yr) site diagnosis ENZO Digene ENZO Digene

1 51 vagina SIL II wo k + + - 31/33/35
vulva SIL II w k + + - 31/33/35

2 15 portio SIL II w k + + 31/33/51 31/33/35
3 20 portio* Flat condyloma + + 18 16/18

Condyloma acuminatum + + 6/11 6/11
4 21 vulva Flat condyloma + + 16 16/18
5 42 portio Condyloma acuminatum + + 6/11 6/11
6 28 portio SIL II w k + + 16 16/18
7 22 vagina Hyperplasia + + 6/11 6/11
8 20 portio Flat condyloma + + 6/11 6/11
9 20 portio Condyloma acuminatum + + 6/11 6/11
10 22 portio Condyloma acuminatum + - 6/11 6/11
11 32 portio SIL III wo k - + 31/33/51 -

12 44 cervix SILIIIwo k + + - -

13 29 portio* Flat condyloma/ + + 31/33/51 31/33/35
Condyloma acuminatum + + 6/11 6/11

14 23 portio SIL II w k + + 31/33/51 31/33/35
15 21 portio SIL II w k + + 31/33/51 -

16 31 vagina Condyloma acuminatum + + 6/11 6/11
17 29 portio SIL II w k + + 16 16/18
18 21 portio Condylomaacuminatum + + 6/11 6/11
19 20 portio SIL II wo k + + 18 16/18

portio SILIIw k - + - -

20 26 portio Condyloma acuminatum + + 6/11 6/11
21 45 portio SILIwk + - -

22 26 penis SIL I wo k + + 31/33/51 31/33/35
23 34 portio SIL II w k + + 31/33/51 31/33/35
24 19 portio Condyloma acuminatum + + 6/11 6/11
25 34 portio SIL III wo k + + 16 16/18
26 32 portio SIL II wo k + + 31/33/51 -

27 23 penis Flat condyloma + + - -

28 46 portio Flat condyloma + + - 31/33/35
29 40 portio SIL III wo k + + 18 16/18

*Two HPV types were identified in these patients in different areas of the epithelium. SIL, squamous intraepithelial lesion;
SIL w k, squamous intraepithelial lesion with koilocytosis; SIL wo k, squamous lesion without koilocytosis. The biopsy
specimens of tests 4, 7, 21, and 27 were also negative for HPV DNA.
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Figure 1 Portio biopsy specimen with condylo?
(Digene); detected with DAB-H ,.

natum and HPV 18 in an area with flat
condyloma (case 3) (figs 1 and 2). The two
other positive HPV 18 biopsy specimens were
seen in an SIL II and SIL III lesion without

* _ ; JF .*. |>*f koilocytosis. Most of the biopsy specimens,
v v saltogether 11, stained positive with

31/33/35/51. One of those turned out to be
double positive with HPV types 6/11 in
epithelium showing condyloma acuminatum
and with HPV types 31/33/35/51 in epitheli-

.-o4.ts um with flat condyloma (case 13). The others
were diagnosed as follows: flat condyloma (n

0
W* * c-t = 1), SIL I without koilocytosis (n = 1) (fig

3), SIL II with koilocytosis (n = 4), SIL II
without koilocytosis (n = 1) and SIL III with-
out koilocytosis (n = 3). Biopsy specimens
with negative findings such as normal mucosa
and inflammatory changes were all HPV neg-

tna acuminatum positive for HPV 6/11 ative.
All controls used were satisfactory. Low

risk HPV types 6/11 were more often found in
epithelium with condyloma acuminatum than
in squamous intraepithelial lesions of varying

4,<-̂L fs severity. Flat condylomas showed mainly pos-
itive signals of either high risk HPV types
16/18 or medium risk HPV types 31/33/
35/51. The fact that some specimens were
reactive with the pan probes but negative with
the type specific probes, may indicate either

5- - the presence of yet uncharacterised HPV
types or HPV types 42-45, 52, and 56 includ-
ed in Digene's OmniProbe.
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Figure 2 A different part of the epithelium representingflat condyloma positive fo
18 (ENZO); detected with DAB-H20,.

9,
I.

.~

atf §

, a,

Figure 3 A penile SIL I lesion without koilocytosis positive with HPV31133/35
(Digene); detected with DAB-H 2*.

condyloma (n = 1), SIL II with koilc
(n = 2), and SIL III without koilc
(n = 1). HPV 18 was found in three
One of these was also positive for HP)
6/11 in a different area of the epiti
HPV 6/11 was present in a condyloma

7-l.ss Discussion
Evaluation of methods to detect possible
HPV in biopsy specimens is frequently
requested as a complement to ordinary histo-
pathological diagnosis. The purpose is not

)r HPV only to demonstrate the presence of HPV
HPV DNA in general, but rather to obtain infor-

mation of the specific HPV types expressed.
This is of variable prospective clinical impor-
tance. Because a considerable number of the
known HPV types may invade the genital
mucosa, several sequential sections from each
individual biopsy specimen are needed to
analyse all the different HPV types. For this
reason a pan probe represents a technical
improvement. Pan probes can be applied for
the screening of biopsy specimens with regard
to HPV DNA expression. Sections with a
positive HPV DNA reaction are tested with
different type specific cDNA probes in a sec-
ond sequence, while in negative specimens no
further hybridisation tests are necessary, thus
reducing workload and saving costs. This
applied to 68% of the biopsy specimens in
our study.

Probemix and OmniProbe are of the same
diagnostic value for the general detection of
HPV. The sensitivity of the pan probes is
about 10-50 copies a cell as formalin fixed
HeLa cells showed positive signals in the

lcytosis present study. Furthermore, HeLa cells had
)cytosis the same staining intensity with the pan as
cases. well as the HPV type specific 18 probe. This

V types indicates that specimens that are negative
ielium. with the pan probes are also unreactive with
acumi- the type specific probes.
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A relatively high proportion of the squa-
mous intraepithelial lesions expressed HPV
types 31/33/35/51 in the present study. This
discrepancy with respect to previous pub-
lished findings may be explained by the fact
that these HPV types have not been studied
as systematically as HPV types 16/18.
A considerable number of our specimens

were HPV negative, despite the fact that the
clinician suspected HPV positive lesions
from the presence of distinctly outlined
acetowhite areas of the mucosa. It was recent-
ly suggested that acetowhite patches may
sometimes be associated with other viral,
bacterial, or fungal infections rather than
HPV alone.9

In situ hybridisation does not seem to
indicate low intensity HPV infection (less
than 20 copies a cell) and for that reason,
tissues harbouring only a few HPV DNA
copies will not be within the detection limit.
Among these may be latent infections as well
as advanced squamous intraepithelial lesions
and invasive cancer.410 More sensitive
methods for HPV identification have been
presented, however, which, like in situ
hybridisation, allow tissue morphology to be
present for histopathological diagnosis.
Among these new methods, the in situ poly-
merase chain reaction (PCR) appears
promising. 11-2 Using this method, 1-2 copies
of HPV DNA a cell can be recognised and
the genital changes and the role of HPV in
their pathogenesis examined further.
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